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Abstract
The use of alcohol-based hand rubs serves to reduce hospital-acquired infections. Many products of this type are now on offer and it is
essential to know how to rank their efficacy. A sequence of tests is proposed here to compare any given new alcohol-based solution
against the reference solution (60% 2-isopropyl-alcohol) with 30 s of contact time: (i) in vitro (with pig skin as carrier) testing of >30
species of microorganism; (ii) in vitro assessment of residual efficacy (after 30 min of drying); (iii) in vivo study of transient microbiota
(modification of the EN 1500 standard procedure) using four ATCC strains; (iv) in vivo study of resident hand microbiota. After
performing the in vitro evaluation of seven alcohol-based hand rubs, the two most efficacious (chlorhexidine-quac-alcohol and mecetroni-
um-alcohol) were chosen and studied, comparatively with the reference solution (60% isopropyl alcohol), in vitro (for chemical sustain-
ability on the skin) and in vivo (against transient and resident microbiota). Chlorhexidine-quac-alcohol proved to be significantly superior
to mecetronium-alcohol or the reference solution in all tests, except against resident microbiota for which the improvement was not
statistically significant.
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Introduction
Hand washing has traditionally been a key element in prevent-
ing colonization and hospital-acquired infections caused by
transient microbiota. Nevertheless, the rate of compliance
with this basic rule is under 50% [1–3] for a variety of rea-
sons: time, location of sinks, confidence in its efficacy, dermal
irritation from continuous use, etc. [4–8]. Hence efforts are
being made to enhance compliance by changing the attitudes
of hospital healthcare workers (HCWs) to the use of alco-
hol-based hand rubs. These products are fast-acting bacterici-
dal solutions that can be placed at the patient’s bedside, are
less skin irritating, and are more efficacious than handwashing
[9,10], and, unless hands are visibly soiled [11], application of
these solutions avoids the need to go to a sink to wash them.
The use of these solutions has been very effective
inasmuch as they have reduced both the transmission of
antibiotic-resistant microorganisms and the number of hospi-
tal-acquired infections [12–17].
At present, a wide range of alcohol-based hand rub solu-
tions are available for hygienic hand disinfection, but it is
essential to know how to rank them so as to identify those
that are significantly better than the others. At present the
only requirement for bringing a product to market is to
meet certain standards in in vitro trials, such as the EN 1040
[18] or EN 1215 [19] (a test that is extremely easy to pass
since the microorganisms are in suspension), or the EN 1500
[20], an in vivo trial, which only requires that the new prod-
uct’s efficacy be ‘no less than that of 60% 2-isopropyl-alcohol
in 1 min’. It should be possible to compare the different
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alcohol-based solutions with one another using these tests,
but we also need another method. Moreover, the EN 1500
can not be used to calculate the ‘real’ log10 reduction of the
initial inoculum because the artificial contamination of volun-
teers’ hands is done by immersing their fingers in a broth
culture and letting them air dry for 5 min, and the control is
made by immersing the fingertips in a sterile broth for
1 min. The result of this is that many of the microorganisms
are removed from the hands and remain in this control
broth to be counted after incubation. The hands are then
rinsed under running tap water for 15 s (which removes
more microorganisms), and it is on this ‘residual coloni-
zation’ of the hands that the antiseptic is applied before
taking the efficacy sample. More properly, the alcohol-based
solution should be applied to hands contaminated to similar
extents and with similar microorganisms in both tests and
controls. Furthermore, the EN 1500 test uses only one con-
trol strain, namely Escherichia coli ATCC, so that the results
obtained may well not be applicable to other microorgan-
isms, for example, other ATCC strains, and perhaps even
less applicable to patient strains, which tend to be far more
resistant to biocides than are ATCC strains [21].
Another aspect that should be ascertained is the efficacy
of these solutions against the resident microbiota on HCWs’
hands. If the products are intended for surgical handwashing
purposes it would be necessary to assess whether any prod-
ucts have chemical sustainability on the skin [22–25]. This is
important, because otherwise the resident microbiota can
recuperate under the glove during the intervening period
and may even exceed their pre-wash density [22].
Materials
Alcohol-based solutions
The following solutions were tested: (i) Daromix-solucion
(Biguan-prop-et): 0.2% biguanidine, 2-propanol and ethanol
(Lab Jose Collado, Barcelona, Spain); (ii) Pentabiot (Phenox-
prop-et): phenoxyethanol, ethanol, 1-propanol (Lab Hydenet,
Sainghin-en-Melantois, France); (iii) Sterillium (mecetronium-
alcohol): 0.2% mecetronium, 1.2-propanol (Lab Bode-Chemie
GmbH, Hamburg, Germany); (iv) SAM (chlorhexidine-
quac-alcohol): 0.3% Chlorhexidine, 0.8% didecyl-polyoxi-
ethyl-ammonium propionate, 1,2-propanol (Lab Inibsa, Llic¸a
de Vall, Barcelona, Spain); (v) ADH 2000 (Et-butanodiol):
ethanol, 2-butanodiol (Lab Lysoform, Berlin, Germany); (vi)
NDP-derm (N-duoprop-et): N-duopropenide, ethanol (Lab
Vesismin, Barcelona, Spain); (vii) Septoderm (Prop-butanodi-
ol): propanol, butanodiol (Lab Dr Schumacher, Melsungen,
Germany); (viii) control solution: 60% 2-isopropyl-alcohol.
Microorganisms and culture media
The microorganisms used in this study included: four ATCC
strains (E. coli K12, Staphylococcus aureus ATCC 6538,
Pseudomonas aeruginosa ATCC 15442, Candida albicans
ATCC 18804); 32 microorganisms recently (<2 days) isolated
from ICU patients including ten Enterobacteriaceae, ten non-fer-
mentive bacteria (NFB), sevenGram-positive cocci and five yeasts.
Tood Hewitt broth containing Tween (80.6%), sodium
bisulfite (0.5%) and sodium thiosulfate (0.5%) was used as
antiseptic neutralizer. Petri dishes with mannitol salts agar
(Biomedics), or Cand2 (Biomerieux), MacConkey agar
(Difco) or blood agar (Biomerieux) were acquired with help
from the Bode-Chemie, Inibsa and AGB laboratories,
through Fundacion Universidad Autonoma de Madrid.
Methods
In vitro method to detect the efficacy of alcohol-based
solutions
A method similar to one previously described [8,22,26] was
adapted to shorten the experiment time to 30 s. In brief, lyoph-
ilized pig skin was cut into circles 0.5 cm in diameter, sterilized
under steam flow, introduced into the culture medium with the
microorganism under test, and left for 15 min. This carrier was
then introduced into an alcoholic solution and after 30 s the
germicidal action was stopped by addition of the neutralizer.
One gram of sterile glass beads (1 mm diameter) was added to
5 mL of neutralizer and shaken at 1000 rpm for 1 min. Two
supernatant samples of 0.1 mL (made to a dilution of 1/100)
were taken and spread on the Tris-buffered saline agar surface.
CFUs were counted after 48 h incubation at 37C. The con-
trols were processed in the same manner except that water
was used instead of disinfectant, and samples were diluted 1/
100 and 1/10 000, before being sown on the Petri dish.
In vitro method for assessing the chemical sustainability of
alcohol-based solutions on the skin
Microorganism carriers similar to those in the first method
were used except that, for this test, they were impregnated
with 20 lL of the alcohol-based solution that was being
assessed. The carriers were allowed to dry for 30 min, after
which time they were covered with 10 lL of a microbial
culture of bacteria and left to act for 1 min. The antiseptic
action was interrupted by immersing the germ carriers in
the neutralizing broth, and then proceeding as in the first
method. The control procedure was similar in all respects,
except that sterile distilled water instead of alcohol-based
solution was used. The bacterial sample was then incubated
for 48 h, and the log10 was calculated and recorded.
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In vivo study (modification of the European EN 1500
standard procedure)
The EN 1500 procedure was modified in various respects.
1 Microorganisms, media and volunteers. Not only E. coli
ATCC but also P. aeruginosa ATCC, S. aureus ATCC and
C. albicans ATCC were used. They were seeded
in suitable culture media to facilitate the microbial
count without interfering with the volunteers’ resident
cutaneous microbiota (MacConkey for P. aeruginosa and
E. coli, Cand2 for C. albicans, and mannitol for S. aureus).
In the last case it was necessary to exclude any volun-
teers who were S. aureus carriers. This required a prior
study of nasal and subungual colonization in order to
prevent false-positive results for S. aureus.
2 Assessment of the biocidal effect. Initial contamination in each
volunteer was assessed, after handwashing, according to
the EN 1500 standard method, with samples being taken in
a similar fashion from each hand for CFU counting. This
constituted the control. At this point, however, instead of
rinsing and antiseptic treatment, volunteers again washed
and dried their hands, which were re-contaminated and
allowed to dry for a further 5 min, before application of
3 mL of antiseptic to both hands. The rest of the proce-
dure was performed according to EN 1500, except for the
fact that contamination was now similar to that used for
the control. The study time was only 30 s.
In vivo study to assess the efficacy on the resident
microbiota of HCWs’ hands
In this case, one hand acted as the test (the dominant hand,
which tends to be more colonized) and the other as the con-
trol. First, a sample was taken from the control hand, by
immersing the finger tips in 10 mL of broth culture for 1 min
(as per the EN 1500). The hands were then rinsed under run-
ning tap water for 1 min and dried with a towelette for a fur-
ther minute. After this, 3 mL of alcohol-based solution was
applied to the hands, spread as in normal hygienic hand disin-
fection and, after 30 s, the finger tips of the hand were
pressed into broth cultures containing the neutralizers of the
antiseptic action. Finally, samples of this neutralizer were
taken in accordance with the EN 1500 standard procedure.
The difference between the log10 CFUs observed for the con-
trol and the test hands was the resulting log10 reduction.
Statistical analysis
The log10 reduction obtained with the alcoholic solutions
was studied as follows: in the in vitro study with the 36
microorganisms, the MANOVA test was performed for multiple
comparisons of the log10 reductions obtained with the eight
alcohol-based solutions against the microorganisms of the
groups of enterobacteria, NFB, Gram-positive cocci and
fungi. A value of p <0.05 was deemed significant. The three
most efficacious solutions (and the reference alcohol) were
selected for subsequent study.
The residual effect was studied using ANOVA, comparing in
the same test the selected alcohol solution against the refer-
ence alcohol.
In the in vivo study with acquired microbiota, a T-paired
test was performed, comparing isopropyl-alcohol efficacy
with that of the three other products among all ATCC
strains used. The mean log10 reductions observed with each
product against acquired or resident microbiota were com-
pared using a t-test.
Results
In vitro tests
The efficacy of the seven initially chosen alcohol-based solu-
tions against a broad spectrum of microorganisms (four
ATCC reference strains and 32 strains recently isolated from
ICU patients) is shown in Table 1. The most efficacious
against these microorganisms in 30 s was chlorhexidine-
quac-alcohol (p <0.05), since it proved very effective at
reducing the inocula of Enterobacteriaceae, Gram-positive
cocci and NFB; the next most efficacious hand rub was
mecetronium-alcohol.
The chemical sustainability on the skin of the two most
efficacious solutions and of the reference alcohol are shown
in Table 2. After these products had dried for 30 min (and
the microorganisms then exposed to them for 1 min), the
action was pronounced with chlorhexidine-quac-alcohol
TABLE 1. Mean effect (log10 reduction of inoculum) of
seven alcohol-based solutions on 36 microorganisms after
30 s contact time with hand rub: in vitro study
Mean (and SD) of log10 reduction
Product
Entero
bacteria
n = 11
Gram+
cocci
n = 8
NFBa
n = 11
Fungi
n = 6
Mean ± SD all
microorganisms
n = 36
Chlorhexidine-
quac-alcohol
5.2 5.3 5 3.8 4.9 ± 0.6
Mecetronium-alcohol 4.5 3.5 4.7 2.8 4.05 ± 0.9
Phenox-prop-et 3.9 3.4 4.6 2.9 3.6 ± 0.8
Biguan-prop-et 2 2.05 1.6 1.7 1.7 ± 0.4
Et-butanodiol 2.2 2 3.5 3.6 2.5 ± 0.6
N-duoprop-et 1.8 1.7 3.1 2.5 2.2 ± 0.4
Prop-butanodiol 2.3 1.9 2.4 1.3 2.1 ± 0.3
aNFB, non-fermentative bacteria.
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(capable of destroying a microbial inoculum even half an hour
after their application) but small-to-moderate with mecetro-
nium-alcohol and almost nil with 60% 2-propanol.
In vivo tests
Only the two antiseptics showing greatest efficacy in the pre-
vious test and the 60% 2-isopropyl-alcohol reference solution
were used to study the microbiocidal effect of these products
over a 30-s period when tested against four ATCC microor-
ganisms on 20 volunteers (Table 3). We observed that against
E. coli, the effects of the three alcohol-based hand rub solu-
tions were the same. The two commercial products proved
significantly (p <0.05) more efficacious against P. aeruginosa
than 60% alcohol; mecetronium-alcohol was more efficacious
against C. albicans and S. aureus than 60% alcohol, but it was
inferior (p <0.05) to chlorhexidine-quac-alcohol.
Comparison of the average effect of the above alcohol-
based solutions against the four ATCC microorganisms used
in both in vitro and in vivo trials (Tables 1 and 3) showed that
the effect obtained in both tests was very similar (in vitro
tests have been good predictors for what happens in in vivo
tests with acquired microbiota).
In the in vivo test, the three alcohol-based solutions dis-
played non-significant differences (2.6–3.1 log10 reductions,
p >0.1) in efficacy against the resident microbiota of the study
subjects (Table 3), although the hand rubs that generated a
greater log10 reduction in microorganisms were those that
had also proved more efficacious in the previous experiments.
When the effects on resident and transient microbiota
were compared, the effect of the alcohol-based solutions
was more pronounced (with p <0.05) on transient than on
resident microbiota in all cases (Table 3).
Discussion
The methods used allow the log10 reduction of microorgan-
isms to be calculated in a similar way, and thus provide accu-
rate data on comparative efficacy. The EN 1500 test can be
used to compare the efficacy of an alcohol-based solution (at
30 s or, alternatively, at 1 min) with that of a reference solu-
tion (60% 2-isopropanol at 1 min), but only against E. coli.
This test does not reveal any variations in the effects against
different microorganisms. In fact, Table 3 shows that the
TABLE 2. In vitro study testing of
chemical sustainability on the skin
of three alcohol-based solutions
30 min after application; moni-
toring three types of micro-
organisms obtained from ICU
patients (contact time, 1 min)
Mean of log10 bacterial reduction
a
Product
Escherichia coli
n = 4
Pseudomonas
aeruginosa n = 4
MR-Staphylococcus
aureus n = 4
Mean of 12
microorganisms
60% alcohol 0.15 0.1 0.7 0.3 ± 0.4
Chlorhexidine-
quac-alcohol
4.1 4 3.6 3.9 ± 0.8
Mecetronium-
alcohol
1.4 0.43 2.05 1.2 ± 0.5
aLog10 CFU (sample of germ carrier without alcohol solution))log10 CFU (sample of germ carrier with alcohol solu-
tion and drying during 30 min).
TABLE 3. Effect of three alcohol-
based solutions on transient or
resident microbiota, at 30 s: in vivo
study
Mean and SD of log10 bacterial reduction after application of alcohol-based solutions
Transient microbiotaa p Log10
reduction
in
Product Microorganisma X ± SD Mean 4 ATCC
Resident
microbiotab
transient vs.
resident
microbiota
60% 2-iso-propyl alcohol E.c 4.1 ± 0.4
P.a. 3.3 ± 0.35
C.a 2.9 ± 0.5 3.5 ± 0.9 2.7 ± 0.5 <0.05
S.a 4.1 ± 0.5
Chlorhexidine-quac-alcohol E.c. 4.4 ± 0.3
P.a. 4.1 ± 0.35
C.a 4.1 ± 0.6 4.4 ± 0.7 3.1 ± 0.5 <0.05
S.a. 5.1 ± 0.25
Mecetronium alcohol E.c. 4 ± 0.4
P.a. 4.1 ± 0.6
C.a. 3.4 ± 0.55 3.9 ± 1 2.6 ± 0.9 <0.05
S.a. 3.8 ± 0.3
E.c., Escherichia coli; P.a., Pseudomonas aeruginosa; C.a., Candida albicans; S.a., Staphylococcus aureus.
aTwenty volunteers successively contaminated with ATCC strains.
bTwenty-five volunteers with their natural microbiota, studied over 3 weeks.
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effect against E. coli is not reflected in the results for the
other microorganisms, Candida being more and the S. aureus
less resistant.
Both the EN 1500 standard method and the modified
version proposed here rely exclusively on ATCC micro-
organisms, as is logical when using volunteers. However, to
extrapolate the efficacy obtained with these strains to that
shown towards microorganisms that colonize or infect
patients is risky, since the latter tend to be more resistant
to biocides than are the ATCC strains (due both to the age-
ing effect and to acquisition of antibiotic resistances, which
are sometimes associated with greater resistance to bio-
cides) [21]. Accordingly, microorganisms recently isolated
from patients should always be studied. If this is done, the
results can be extrapolated to clinical practice. However, to
ensure that no healthy volunteers are exposed, the study
can be performed in vitro, using a test that discerns log10
reductions equal to or only slightly less than those obtained
in the in vivo experiment, so as to prevent erroneous overes-
timation of product efficacy.
As has been shown, resident microbiota are far more
resistant to being eliminated than are transient microbiota.
Consequently, the effect obtained on the latter cannot be
extrapolated to estimate the effect that would be obtained
on the former as the difference is greater than a log10
value of 1 in all four of the studied cases. Therefore it is
also necessary for efficacy against resident microbiota that
they be tested against all alcohol-based hand rub solutions.
Moreover, the main limitation of this study could be the
extrapolation of results from resident microbiota obtained
in this study to the effect on other people, because the
resident microbiota can differ according to the volunteer’s
age, occupation in the hospital, frequency of handwashing
etc.
In conclusion, the logical order of performing the three
tests on which to base recommendations to include a new
alcohol-based solution for hospital care-givers, would be as
follows: (i) performance of an in vitro study, with a broad
spectrum of microorganisms, thereby allowing the best disin-
fectant to be chosen for the ensuing in vivo tests and assess-
ment of the product’s chemical sustainability on the skin; (ii)
modification of the EN 1500 standard procedure to increase
the number of ATCC strains that allows comparison with
the control sample in such a way as to ensure proper calcu-
lation of the log10 reduction obtained with each product; (iii)
performance of an efficacy study of resident microbiota on
the hands of volunteers. Using the method outlined in this
paper, with the exception of tests against resident micro-
biota, where the increased efficacy did not reach significance,
chlorhexidine-quac-alcohol proved to be significantly supe-
rior to mecetronium-alcohol or the control solution in all
the tests.
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